The most important regulators of cytochrome c release are members from the three subgroups of Bcl-2 family proteins. One group consists of the two proapoptotic proteins Bax and Bak, the most downstream effectors of cytochrome c release that have been identified. The second group contains antiapoptotic proteins, such as Bcl-2 itself or Bcl-X L and Mcl-1, which act to prevent the activation of Bax/Bak. The third group, known as BH3-only proteins, consists of at least eight proteins that share only the short BH3 domain. An apoptotic stimulus activates one or several BH3-only proteins, which then cause the activation of Bax and/or Bak, possibly by binding to and relieving the inhibitory function of antiapoptotic group members. 1, 2 The seemingly most important BH3-only protein in cells of the immune system is Bim/Bod. Analysis of Bim-deficient mice shows that Bim is important for determining the lifespan of myeloid and lymphoid cells, as these cells are increased in numbers in mice lacking Bim. 3 Bim is also required for further homeostatic regulation in situations such as the proper termination of an adaptive immune response 4 and the implementation of spontaneous apoptosis in neutrophil granulocytes. 5 How Bim is activated is not entirely clear. Although experimental overexpression of Bim kills cells, 6 healthy cells can express easily detectable levels of Bim protein. An early report provided evidence that Bim is, in the absence of apoptosis, bound to the microtubule cytoskeleton, where it remains inactive until released. Upon its release, Bim was shown to translocate to mitochondria, to bind to Bcl-2 and to cause apoptosis. 7 However, later reports showed that Bim is subject to considerable transcriptional regulation. Various stimuli can cause the upregulation of Bim. Bim can further be phosphorylated on a number of sites, 8 which probably regulates Bim protein abundance. Bim protein levels can also be regulated through ubiquitylation, 9 suggesting that the level of Bim protein is a determinant of apoptosis induction.
However, there is evidence that Bim can, in some experimental situations, be upregulated without directly inducing apoptosis. One example is found in thymocytes: thymocytes from Bim-deficient mice have a defect in negative selection and are more resistant to T-cell receptor signals than wild-type mice. 10 In these cells, both phorbol-12-myristate-13-acetate (PMA) and ionomycin induce the upregulation of Bim protein; 11 however, the cells are resistant only to ionomycin-but not to PMA-induced apoptosis. 3 There is at present no known reliable assay of Bim activation. Although the release from the microtubule cytoskeleton may be a measure of Bim activity, 7 activation of Bim may be regulated in a different way, for instance in primary mouse T cells, where Bim has been described to be on the mitochondria already in its presumably inactive state. 12 In the absence of a reliable assay to monitor Bim activity, it is tempting to equate induction of Bim expression with apoptosis induction through Bim.
In this study, we analyze two situations of apoptosis in the immune system, in which Bim plays a role, and correlate Bim expression with apoptosis. In both neutrophil granulocytes and activated T cells, Bim-dependent apoptosis occurs, but this apoptosis is reduced in experimental conditions that increase rather than decrease the expression of Bim.
Neutrophil granulocytes are constantly produced in the bone marrow and exported into the peripheral blood, where they die rapidly. 13 Granulocyte counts in the peripheral blood of Bim-deficient mice are increased by a factor of about 2.5, 3 suggesting that the lifespan and apoptosis of granulocytes are regulated, at least in part, by Bim. Survival of granulocytes sorted from mouse bone marrow in vitro was increased in cells from bim À/À mice ( Figure 1a , reproducing earlier results 14 ), indicating a role of Bim in this form of apoptosis.
In macrophages and dendritic cells (DC), toll-like receptor (TLR) stimuli such as lipopolysaccharide (LPS), increase the levels of Bim. 15 Neutrophils also respond to TLR-signals and it is known that human neutrophils can be kept alive by LPS in cell culture. 16 As shown in Figure 1a , this was also found to be the case for neutrophils sorted from mouse bone marrow: LPS stimulation reduced spontaneous apoptosis. At the same time, LPS caused a very clear upregulation of Bim levels in the cells (Figure 1b) . The levels of Bim are thus inversely correlated with the propensity to undergo apoptosis.
Bim activity could be countered by increased expression levels of antiapoptotic proteins, such as Bcl-2, Bcl-X L and Mcl-1. Indeed, there was a concomitant induction of Mcl-1 and A1 protein, while no change in the levels of Bcl-2 or Bcl-X L was observed (Figure 1b) . It is therefore possible that the Bim upregulation in neutrophils is only tolerated because of the concomitant upregulation of Mcl-1. However, there is the very clear constellation of the increase in Bim levels that is accompanied by the decrease rather than increase in a form of cell death that is at least in part caused by Bim.
In activated T cells responding to growth factor withdrawal with apoptosis, a transcriptional axis was recently described: This prompted us to check the levels of Bim in a similar situation that we have described recently. Unlike IL-2, whose continued presence seems to be required to convey survival, a number of cytokines were found to confer a 'priming effect' on activated T cells, that is, their addition during mitogen stimulation leads to improved T-cell survival even after the cytokine has been taken away. This effect can be seen with the cytokines IL-1, IL-7 and IL-15, as well as with a supernatant from LPS-stimulated DC. 18 The form of apoptosis, thus prevented by these cytokines, is at least in part implemented by Bim (Figure 1c) . 17, 18 It could therefore be expected that the priming by these cytokines causes the downregulation of Bim. However, the contrary was the case. All of the cytokines that primed for survival caused the clear upregulation of Bim (Figure 1d ). In this case, the levels of Bcl-2, Bcl-X L , Mcl-1, Bax and Bak remained constant with perhaps some minor inconsistent changes (Figure 1d ). These data therefore describe another situation where the upregulation of Bim is accompanied by a reduction of Bim-dependent apoptosis. In a minority of experiments, a shift of a portion of Bim protein was observed that is probably indicative of Bim phosphorylation (one such experiment is shown in Figure 1d , experiment 2), which has been hypothesized to be associated with protection from apoptosis, 19 perhaps through enhanced proteasomal degradation. 20 However, since the levels of Bim increased, this is inconsistent with enhanced degradation. Further, the shift was seen only in about 20% of experiments and it is unclear whether cytokine addition changed the ratio of phosphorylated to unphosphorylated Bim (Figure 1d) . It therefore appears unlikely that phosphorylation plays a major role in this situation.
It is not clear why the amount of Bim that is added by cytokine priming is not active. It is possible that either a surplus of antiapoptotic proteins is sufficient to bind and neutralize Bim or that Bim is kept inactive by other mechanisms such as sequestration to microtubules. Whatever the mechanism, there seems to be the distinct possibility that a substantial upregulation of Bim can occur in the absence of apoptosis induction.
These data describe the inverse correlation of Bim levels with apoptosis in two cell types. Our knowledge of the respective roles of BH3-only proteins in apoptosis is rapidly expanding and advances are being made in the understanding of their regulation. The abundance of Bim appears to be finely tuned both by changes in transcription in response to environmental signals and by the regulation of its degradation through the proteasome, by virtue of its phosphorylation and ubiquitylation. These level changes may play major roles in Bim activation and it is possible that different populations of Bim molecules exist that are active or not. However, a simple analysis of Bim levels can be misleading and it may be not out of place to caution against accepting an increase of Bim levels as a bona fide indicator of Bim-dependent apoptosis.
